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<g) Method and test composition for datarmlnatfon of hydrogan peroxide. 

@ Discloaed ia a method for the colorimatric determination of 
hydrogen peroxide In a aample by reacting a particular chromo* 
gen with the hydrogan peroxide in the pmenc* of peroxidase 
and measuring the ebsorbancv of the reaction solution in the 
visible or near inf tared fay region. Alto disclosed is a test com- 
position for carrying out the determination. The novel chromo- 
gens are represented by the formulae 
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METHOD AND TEST COMPOSITION FOR 
DETERMINATION OF HYDROGEN PEROXIDE 



The present invention relates to a method and 
test composition for the determination of hydrogen pero- 
xide, and more particularly, to a method for the determi- 
nation of hydrogen peroxide by reacting hydrogen peroxide 
with a novel chromogen as a hydrogen donor in the presence 
of peroxidase and determining the degree of pigment formed. 
The invention also pertains to a test composition suitable 
for carrying out such determination. 

Heretofore, the determination of a substrate is 
generally carried out by oxidizing the substrate by the 
action of oxidase and determining the formed hydrogen 
peroxide. For example, cholesterol is oxidized by chole- 
sterol oxidase to form hydrogen peroxide. The hydrogen 
peroxide is then determined by reacting the hydrogen 
peroxide with a chromogen in the presence of peroxidase to 
form a pigment and measuring the absorbancy of the reaction 
solution colored by the formation of the pigment in the 
visible ray region. In such processes, 4-aminoantipyrine 
(hereinafter referred to as " 4AA" ) and phenol, AAA and 
N,N-dimethylaniline, 4AA and N-ethyl-N- <0-hydroxyethyl)-m- 
toluidine, 3-methylbenzothiazolin hydrazone and N,N- 
diethylaniline, 4AA and N-ethyl-N- (3-methylphenyD-N'- 
acetylethylenediamine (hereinafter referred to as "EKAE") 
and the like are generally used as the chromogen. 

While the known methods were acceptable, there 
is a need for chromogens which are superior in sensitivity 
and which are not, af £ ected by the components in vivo such 
as-n^g^b^..bilirubin and uric acid. 
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It has now been found that a compound represented 
by either of the following .formula (I) or (II) is excellent 
as a chromogen. 

Formula (I) : 



10 




'YXl, 



15 




20 



25 



30 



35 



In the above formulae, Y represents hydrogen or 
-C»Z, Z represents an oxygen atom or a sulfur atom, 



i 
X 



X represents hydrogen, alkyl, alkenyl, aryl, aralkyl, amino 
or substituted amino, represents hydroxy 1, amino or sub- 
stituted amino, R 2 represents hydrogen, hydroxy 1, alkyl, 
alkoxy, aryl, aralkyl, alkenyl, amino or substituted amino, 
R 3 represents groups represented by the general formula 
(III), (IV), (V), (VI) or (VII) described hereinafter, R 4 
Rg or Rg may be the same or different and represents 
hydrogen, alkyl, alkenyl, acyl, aryl, aralkyl, halogen 
atom, nitro, sulfo, carboxyl, hydroxy 1, alkoxy or groups 
represented by the general formula (III), (IV), (V), (VI) 
or (VII), J represents -S-, -0-, the general formula 



?7 



R<7 and Rg are the 



or the general formula - N - , 
same or differ nt and represent hydrogen, alkyl or alkenyl, 
and Rg and Rg may form alkenylene. 
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In the formulae, Aj^ represents alkylene, A 2 has 
the sain meaning as R 2 , B 1# B 2 , B.j, B 4 , B 5 or Bg may be 
the same or different and represents hydrogen, alkyl, 
alkenyl, acyl, aryl, aralkyl, halogen atom, nitro, sulfo, 
5 carboxyl, hydroxyl, alkoxy or hydroxyalkyl. 

As the substituent of substituted amino in the 
definition of and R 2 , alkyl, alkenyl, aryl, hydroxy- 
alkyl, cyclpalkyl, acyl, aralkyl, acylalkyl, carboxyl, 
alkoxy, sulfo, sulfoalkyl, etc are mentioned. 

10 As used herein, alkyl includes alkyl having 1 to 

5 carbon atoms, such as methyl, ethyl, propyl and butyl; 
alkenyl includes alkenyl having 2 to 5 carbon atoms such 
as vinyl, propylene and butylene; alkoxy includes alkoxy 
having 1 to 5 carbon atoms such as methoxy, ethoxy, propoxy 

15 and butoxy; aryl includes phenyl, naphtyl, and substituted 
phenyl; substituent of substituted phenyl includes alkyl 
having 1 to 4 carbon atoms, halogen such as chloro atom 
and bromo atom, amino, alkoxycarbonylamino, alkoxy car bony 1~ 
aminoalkyl, alkoxy and acyl; substituted phenyl may have 

20 1 to 5 substituents; aralkyl includes aralkyl having 7 to 
10 carbon atoms ^uch as benzyl; acyl includes acyl having 
2 to 5 carbon atoms such as acetyl, propionyl and hutyryl; 
halogen includes fluoro atom, chloro atom and bromo atom. 

Alkenylene includes alkenylene having 3- 4 carbon 

25 atoms such as -CH = CH-CH = CH- , -CH = CH-CH^, etc. 

In accordance with the present invention, 
hydrogen peroxide in a sample can be determined by reacting 
the hydrogen peroxide with Compound (I) or (II) and meas- 
uring the absorbancy of the reaction solution colored by 

30 the formation of a pigment at a maximum absorption wave 
length of the pigment, in a visible or near inf lared ray 
region. 

The principle of the present invention is on the 
basis of the fact that the reaction of hydrogen peroxide 
35 with the present chromogen proceeds stoichiometrically to 
form a pigment and the amount of formed pigment is pro- 
portional to the amount of hydrogen peroxide in the sample. 
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In carrying out the present invention, the com- 
pound (I) or (II) and peroxidase are added to a sample 
containing hydrogen peroxide or to the system where 
hydrogen peroxide is produced (hereinafter referred to 
as "H 2 0 2 - producing system"). The absorbancy of the 
reaction solution colored by the formation of a pigment 
is measured in the visible or near inflared ray region, 
600 - 900 nm. On the other hand, the standard curve showing 
the relation between the amount of hydrogen peroxide and 
absorbancy is separately prepared by using a standard 
hydrogen peroxide solution as the sample. The amornt of 
hydrogen peroxide in the sample is calculated by applying 
the obtained absorbancy to the standard curve. 

The reaction is usually carried out at a tempe- 
rature of 5-50°C, preferably 25 - 40°C in a buffer solution 
having a pH of 2-10 and is completed in several minutes . 

The chromogen is used in an equimolar amount 
with hydrogen peroxide or more, preferably 10 - 1000 mole 
equivalents. Peroxidase is used in a concentration of 

0.1 - 1000 IU/ml. 

As buffers, Good buffer, phosphate buffer, 
tris-riCl buffer, succinate buffer, citrate buffer, acetate 
buffer, etc. may be used in a concentration of 0.005 -2 
mol/1 . 

Small amount of phenol or EMAE can be added to 
the reaction system for activating peroxidase or for pro- 
moting the reaction of pigment formation. 

• Examples of the chromogen used in the present 
invention are shown in Tables 1 and 2, wherein the symbols 
in tables have the following means. 



P : 


Structure of the compound 


M : 


CH 3 


E : 


t C 2 H 5 


D , 


• CH 2 CH 2 CH 2 S0 3 H 


a l 


: CH 2 CH 2 CH 3 


a 2 


: CH 2 CH 2 CH 2 CH 3 
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15 



20 



25 



30 



35 



O : -CH^ | 2 



CH 2 



Ph t 



**4 # **6' **2 # ^3' ^5 an< * ®g ^ n ^*^ e Com P oun ds re- 

? 

. present hydrogen. Y means H in Table 1 and means -c-Ph 
10 in Table 2. "J" means "-S-" in Compounds Nos. 18 and 19. 

Table 1 



Compound 
Mo. 


• P 


R l 


R 2 


R 3 


R 5 


A l 


A 2 


B l • 


B 4 
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ComDOund 
No. 


P 


R i 


R 2 


R 3 


R 5 


A l 


A 2 


B l 


B 4 
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Table 2 



Compound 
No. 



R l . R 2 R 3 



R 5 A 2 B x B 4 



25 



30 



28 


II 




NM 2 


NM 2 


29 ' 


I 


S 


It 


11 


30 


I 


O 


NE 2 


NE 2 


31 


II 




ND 2 


ND 2 


32 
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It 


« 
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Cl 
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Cl 
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Cl 



35 




- 8 - 



0124287 



Comparative tests between the compounds indi- 
cated in Tables 1 and 2 and known compounds in respect of 
the degree of color development, etc. are conducted accord- 
ing to the following method. 
5 Good buffer solution (pH 6.5) containing 10 U/ral 

peroxidase, 0.001 mg/ml phenol, 0.1 mg/ml Triton X-100, 
0.1 mg/ml compound (I) or (II) is prepared. To 20 Ml of 
10.33 mg/dl H 2 0 2 solution is added 3 ml of the solution 
and the mixture is subjected to reaction. 

10 The OD value of the reaction solution at Amax 

is measured. 

The results are shown in Table 3 defining the 
OD value obtained by using 4AA-EMAE as 100. 

The effect of components in serum such as biliru- 

15 bine, cysteine and uric acid is measured by existing 20 

pg/3 ml bilirubin, 20 yg/3 ml of cystein or 10 yg/3 ml of 
uric acid in a sample. The symbol "± n means that the 
effect is 3-6%, "+ w means that the effect is n 6-20 M %, 
"++" means that the effect is more than 20% and means 

20 that the effect is less than 3%. 

The degree of the color development in reagent 
blank is shown as compared with that of the color develop- 
ment obtained by using the representative Leuco Bindsched- 
ler's, Leuco Bindschedler 1 s Green (LBG) as chromogen. 

25 "AA" means that the degree of color development 

is very low. "A" means that that is low and "B" means that 
that is equal to that of LBG 

As the sensitivity is higher and the degree of 
color development in reagent blank is lower, the chromogen 

30 as hydrogen donor is better and the trace amount of the 
component can be determined by using the chromogen* 



35 
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Compound 
nw • 


\ max 


s 




F ?■*-. ■•■ > . 




RB 


5 


(ran) 




Bil^ 
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± 


♦ 


■ ± 


A 
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± 




JL 


A 
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AA 
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t 


AA 


10 
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AA 
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745 
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AA 
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AA 
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w 


n 
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A 
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n 


+ 
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A 


15 


10 


728 
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n 




+ 


A 
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200 


it 
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R 
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AA 
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A 
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700 
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B 


35 
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± 


B 




31 


760 


350 








AA 
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Table 3 (continued) 



10 



Compound 
No. 



A max 



B 



CY 



U 



RB 



33 
34 
RE] 
RE. 



710 
720 
728 
555 



320 
320 
410 
100 



+ 

++ 



+ 

++ 



A 
A 
B 
A 



15 



20 



25 



30 



35 



RE ] 

RE, 
S 
F 
B 

CY 
U 

RB 



: LBG 

t 4AA-EMAE 

i Sensitivity 

Effect of some components in serum 
Bilirubin 
Cysteine 
Uric acid 

Degree of color development: of reagent blank 



The chromogens used in the present invention 
are obtained by condensation reaction of Leuco bases 
obtained by reduction reaction of diphenyl amines, thiamine 
pigments or oxa-zine pigments with benzhydroJs in the pre- 
sence of sulfuric acid. The condensation reaction is 
carried out at 30 - 100°C for 1-100 hours. The reaction 
mixture is added to an organic solvent capable of crystal- 
lizing the desired chromogen such as n-octanol. The crude 
crystals are dissolved in an organic solvent such as 
methanol and the solution is subjected to column chromato- 
graphy using silicagel to recover the desired compound. 

The method for production of compounds indicated 
in Tables 1 and 2 is illustrated below. 

(1) Production of Compound Nos. 1-7, 12, 16 and 17 

Bindschedler 1 s Green Leuco base (4,4'-bis(dimetyl- 
amino)diphenylamine] (hereinafter referred to as "BGLB") 
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~ 11 - 

and each of the undermentioned compounds in a molar ratio 
of 1 : 2 are added to 60% sulfuric acid in an amount of 5 
times on the basis of Leuco base. The mixture is subjected 
to reaction at 80°C for 2-3 hours while stirring. 
5 The reaction mixture is added to n-octanol to 

crystallize the desired product and the crude crystals are 
dissolved in a small amount of methanol. The methanol is 
subjected to column chromatography using silica gel* The 
elution is carried out with chloroform / n-hexahe = 2/1. 
10 The fractions containing the desired compound are collected 
and concentrated to dryness to obtain the desired compound. 



15 



20 



25 



Compound 
Ho. 


Melting 
Point CO 


Reactant 


1 


102 




105 


4-chlorobenzhydrol 


2 


98 




101 


4-F luorobenzhydro 1 


3 


120 




123 


Benz hydro 1 


4 


152 




155 


4 , 4 * -Dimetoxyberizhydrol 


5 


.184 




187 


4,4* -Dichlorobenzhydrol 


6 


111 




114 


4 , 4 '-Dif luorobenzhydro 1 


7 


89 




92 


4,4' -Diraethy laminobenzhydrbl 


12 


108 




111 


4-Biphenylmethanol 


16 


95 




98 


P-chlorobenzylalcohol 


17 


104 




107 


P— bromobenzylalcohol 



30 

(2) Production of Compound Nos. 8, 10, 11 and 13-15 

The same procedures as described in (1) -above 
are repeated except that the reaction of BGLB with the 
f llowing compounds in a molar ratio of 10 : 1 is carried 
35 out at 50°C. 
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S 



10 



Compound 

NO • 


M. 


P . 

C) 


Reactant 


8 


78 


- 81 


4 , 4 1 -Dichlorobenzhydrol 






J- J X 


x •? 


2,2 '-Bis (p-chlorophenyl) 


-ethanol 


11 


128 


-■131 


2/2 1 -Bis (p-chlorophenyl) 


-propanol 


13 


82 


- 85 


Cyclopropyl-benzhydrol 




14 


84 


- 87 


1 , 1 1 -Dipheny Ibutanol 




IS 


172 


- 175 


1-Phenylbutanol 





(3) Production of .Compound Noa. 9 and 24-27 

15 

The same procedures as described in (1) above are 
repeated except that the reaction of sulfate of 4,4'- 
diamino-diphenyl amine with dipheny Imethanol, 4,4'- 
dichlorobenzhydrol , 4,4' -dif luorobenzhydrol , 4-chloro- 
2Q benzhydrol # or 4-f luorobenzhydrol is carried out to obtain 

the desired compounds having M.P. of 158-161^, 173 - 175°C, 
89 - 92°C, 155 - 158*C and 104 - 106°C, respectively. 

(4) Production of Compound Nos. 18 and 19 

25 . The same procedures as described in (1) above 

are repeated except that the reaction of compounds obtained 
by reduction reaction of Methylene Blue (CI. 52015) or 
Methylene Green (C.I. 52020) with 4 , 4 1 -dichlorobenzhydrol 
in a molar ratio of 10 : 1 is carried out at 50°C to obtain 

30. the desired compounds having M.P. of 179 - 180°C and 148 - 
151°C, respectively. 

(5) Production of Compound No. 29 . 

The same procedures as described in (1) above 
35 are repeated except that the reaction of benzoyl Leuco 
Methylene Blue with 4 , 4 '-dichlorobenzhydrol in a molar 
ratio of 10 : 1 is carried out at 50°C to obtain Compound 
No. 29 (M.P. 212 - 215°C) 
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10 



(6) Production of Compound No. 28 

The same procedures as described in (1) above 
are repeated except that the reaction of Compound No. 5 
with phenyl iso-cyanate is carried out in dimethylf onna- 
mide (DMF) at 50°C for 3 days to obtain Compound No, 28 
(M.P. 196 - 200°C) . ~ 

(7) Production of Compound No. 30 - \ 

Compound obtained by reduction of Basic Blue 
(C.I. 51004) using sodium borohydride and 4,4 '-dichloro- 
benzhydrol in a molar ratio of 10 : 1 are added to 60% 
sulfuric acid. The mixture is subjected to reaction at 
50°C and the same purification procedures as described in 
(1) above are repeated. 
15 The obtained compound and iso-cyanic acid in an 

equal molar amount are added to DMF and the mixture is 
subjected to reaction at 50°C for 3 days. The same puri- 
fication procedures as described in (1) above are repeated 
to obtain Compound No. 30 (M.P. 118 - 120°C) . 

20 

(8) Production of Compound Nos. 20 and 23 

The same procedures as described in (1) above 
are repeated except that the reaction of P- (p-arainoanilino)- 
phenol with 4 , 4 •-dichlorobenzhydrol (No. 20) or 4,4'- 
dif luorobenzhydrol (No. 23) in a molar ratio of 10 : 1 is 
carried out in 60% sulfuric acid at 50°C to obtain Compound 
No. 20 (M.P. 89-91°C) or Compound No. 23 (M.P. 121-123°C), 
respectively. 

30 (9) Production of Compound Nos. 21 and 22 

The same procedures as described in (1) above 
are repeated except that the reaction of Variamine Blue 
hydrochloride with 4 , 4 '-dichlorobenzhydrol (No. 21) or 
4 ,4* -dif luorobenzhydrol (No. 22) in a molar ratio of 10 : 1 
35 is carried out in 60% sulfuric acid at 50°C to obtain Com- 
pound No. 21 (M.P. 163 - 165°C) and Compound No. 22 (M.P. 
158 - 160°C) , respectively. 



25 
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(10) Production of Compound Nos. 31-34 

4,4 '-diamino-diph nylamin sulfate and propane 
sultone in a molar ratio of 1 : 20 are added to chloroform 
and the mixture is subjected to reaction at 50 °C for 5-7 
days with stirring. Distilled water in a same amount of 
the reaction mixture is added to the reaction mixture After 
vigorously stirring , the water layer is separated and 
concentrated to dryness. The dried material and benzhydrol 
(No. 31, 33) or 4 , 4 '-dichlorobenzhydrol (No. 32, 34) in a 
weight ratio of. 2 : 1 are added to 60% sulfuric acid. The 
mixture is subjected to reaction at 80°C for 2-3 hours 
with stirring. 

The same purification procedures as described in 
(1) above are repeated except that solvent, the polarity 
of which is different is used. The elution is started 
from chloroform. Compound No, 33 or 34 are obtained when 
the solvent having the lower polarity is used. Then, Com- 
pound No. 31 or 33 is obtained. 



20 



M.P. Compound No. 


31 : 


93 - 


95 


n 


32 : 


78 - 


82 


it 


33 : 


62 - 


65 


if 


34 : 


45 - 


48 



25 

The present method may apply for the determina- 
tion of reactants or enzymatic activity in the H 2 °2" 
producing system. 

Particularly, when the system is an enzymatic 
30 reaction, both the H 2 0 2 - producing system and the system 
where pigment is produced [hereinafter referred to as 
pigment-producing system] proceed at the same time in the 
same system and therefore, such a method is simple and 
convenient. 

35 Such enzymatic reaction includes the combination 

of oxidase and a substrate thereof, examples of which are 
the combination are uric acid-uricase , chloesterol- 
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cholest rol oxidase, cholesterol ester-cholesterol esterase 
and cholesterol oxidase , xanthin, hypoxanthin or guanine- 
xanthin oxidase, phospholipase D-lecitin-choline oxidase, 
choline-choline oxidase, pyruvic acid-pyruvate oxidase- 
phosphoric acid, triglyceride- lipoprotein lipase-ATP- 
glycerinkinase-glycerin-3-phosphate oxidase, fatty acid- 
coenzyme A-acyl Co A synthetase-acyl Co A oxidase, tri- 
glyceride-lipase-glycerol oxidase, glucose-glucose oxidase 
and galactose-galactose oxidase. 

The substrates of these enzymatic reactions are 
contained in serum, urea, etc. and the determination of the 
substrates is useful for diagnostic purposes* 

Examples of enzymatic reaction are schematically 
shown as follows. 

1. Uric acid 

Uricase 

Uric acid + 0 2 + 2H 2 0 » Allantoirh- C0 2 + H 2 0 2 

2. Total chores terol 

Choresterol 



esterase 
choresterol + Fatty acid 



Choresterol ester + H 2 0 > Free form of 



Choresterol oxidase 
Free form of choresterol + 0 2 > 

Chorestenone + H 2 0 2 

3. Triglyceride 

lipoprotein 
lipase 

Triglyceride + 3H 2 ° * Glycerol + Fatty acid 

Glycerol 
oxidase 

Glycerol + 0 2 ^ Glyceraldehyde + H 2 0 2 

4. Free form of fatty acid 

Acyl-CoA synthetase 
Free form of fatty acid + ATP + CoA * 

Acyl-CoA + AMP + PPi 
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Acyl-CoA + <)•> Ac Vl-Co A oxidas e m 

2 —V Trans -2 , 3-dehydroacyl- 



Cc 

+ H 2 0. 



5. Siali 



c acid 



Sialic acid (bound type) Neuramin ^ase_ 
N-acetyl neuraminic acid (NANA), 
NANA-aldolase 



NANA 

-r "-acetylmannosamine 
+ Pyruvic acid 



Pyruvic acid + p 2 + Phosphoric acid 

Pyravate oxidase 
Thimaine pyrolic a cid, Mg 

> H 2 °2 + Acetylphos- 

phoric acid + co 2 
Pyruvic acid 

Pyruvic acid + o + di,« l. 

+ °2 + Phosphoric acid 

Pyruvate oxidase 
Tniamxne pyrolic acid , Mg 

" i *• H 2 0 2 + Acetylphos- 

phoric acid + C0 2 

Glucose 

Pyranoss 

rlll<w oxidase 

Glucose + o-. . _ 

2 — * D-glcoson + h 2 o 2 

Inorganic phosphorus 

Purine nucleotide 
HP0 4 - + Inosine _Phosphor y i ase 

* Hypoxantine 

+ Ribose-l-phosphoric acid 



Xantine 

Hypoxantine + 2H o + 0 ° xidas % 



Uric acid + 2H 2 0 2 
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10 



15 



9. Phospholipid 

Phospholipase D 
Lecitin Chorine + Phosphatidyl acid 

Choline oxidase 
Chorine » 2H 2 0 2 + Betaine 



10. Monoamine oxidase 



Monoamine 
oxidase 



Monoamines + 0 2 + H 2 0 > Acrolein + NH^ + H 2°2 

11. Choline esterase 

Choline 
esterase 

o-Toruoylcholine + HjO ■ > o--7;*ruyl acid 

+ Choline 

Choline 
oxidase 

Choline + 20 2 + H 2 0 > Betaine + 2H 2 0 2 



20 

The hydrogen peroxide-producing reaction and 
pigment-producing reaction may be conducted stepwise or 
preferably, the determination of hydrogen peroxide is per- 
formed by adding to the sample the components necessary 

25 for the determination of hydrogen peroxide conducting all 
the reactions in one step and measuring the absorbancy of 
the reaction solution. 

The components comprises oxidase for the sub- 
strate to be determined, peroxidase, compound (I) or (II) . 

30 A buffer solution and surfactant, etc. may be added, if 

necessary. Of course, if components for oxidizing the sub- 
strate in addition to oxidase for the substrate are re- 
quired, such components must "be added to the H 2 0 2 -producxng 
system* 

35 Another aspect of the present invention is to 

provide a test composition for the determination of 
hydrogen peroxide which comprises oxidase for the substrate 
t be d termin d, the chromogen represented by the formula 



- 18 - 



0124287 



(I) or (II) and peroxidase. The composition may also 
contain a buffer reagent as well as surfactants such as 
polyoxyethylenealkylether , antiseptics such as sodium 
azide, ascorbate osidase for decomposing ascorbic acid, 
5 etc, if necessary. Further the composition may contain 

components necessary for producing hydrogen peroxide other 
than oxidase for the substrate. 

Certain specific embodiments of the invention 
are illustrated by the following representative examples. 

10 

Example 1 

In this example 18 U of uricase, 100 U of peroxi- 
dase, 100 mg of Triton X-100, 0.1 mg of phenol and (A) 
100 mg of 4AA and 100 mg of EMAE, (B) 50 mg of LBG, (C) 

15 22.5 mg of Compound No. 3, (D) 22.5 mg of Compound No. 5, 
(E) 22.5 mg of Compound No. 6, (F) 22.5 mg of Compound 
No. 32 or (G) 22.5 mg of Compound No. 33 are dissolved in 
100 ml of 50 mM Good buffer solution (pH 6.5) to prepare 
a reagent solution. To a test tube are poured 20 ul of 

20 serum and 3 ml of the reagent solution and the mixture is 
incubated for reaction at 37 °C for 10 minutes. 

The absorbancy of each reaction solution at Xmax 
is measured using reagent blank as a control. The concen- 
tration of uric acid in the serum is calculated by using 

25 calibration curve prepared in advance. 

For comparison, the same test sample is analyzed 
by ultra violet spectrophotometry method of uricarse. 
The results are shown in Table 4 . 



Table 4 



35 



Serum No. 


Control 


Uric acid 
A B 


content (mg/dl) 
C D E 


F 


G 


1 


5.7 


5.9 


5.0 


5.7 


5.6 


5.7 


5.7 


5.6 


2 


2.8 


3.8 


4.0 


2.9 


2.7 


2.7 


2.7 


2.8 


3 


11.0 


9.2 


12.8 


11.0 


11.0 


11.0 


11.1 


11.1 


4 


4.0 


5.8 


4.9 


4.1 


4.1 


3.9 


4.0 


3.9 


5 


6.2 


6.5 


6.5 


6.1 


6.1 


6.3 


6.1 


6.0 
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Example 2 

In this example, 15 U of chores terol oxidase, 
20 U of chores terol esterase,- 150 U of peroxidase, 100 mg 
of Triton X-100, 0.1 mg of phenol and the chrompgens (A-G) 
in Example 1 are dissolved in 50 mM of Good buffer solution 
(pH 5.8) to prepare a reagent solution. Ten ul of serum 
and 3 ml of the reagent solution are poured into a test 
tube and the mixture is incubated for reaction at 37 °C 
for 10 minutes. The absorbancy of the reaction solution 
at Amax is measured using reacjen^ blank as a control. The 
concentration of choresterol in serum is culculated by 
using the calibration curve prepared in advance. 

For comparison, the same sample is subjected to 
analysis according to gaschromatograph method ( GC ) . 
The results are shown in Table 5. . 



Table 5 



Serum No. 




Choresterol 


content (rag/dl) 








GC 


A 


B 


C 


D 


E 


F 


G 


1 


92 


82 


102 


90 


91 


89 


89 


93 


2 


243 


248 


280 


240 


242 


242 


211 


24 2 


3 


100 


90 


115 


99 


100 


98 


100 


100 


4 


178 


169 


193 


178 


176 


179 


177 


178 


5 


112 


120 


140 


111 


111 


112 


111 


112 



Example 3 

In this example 9 U of acyl CoA synthetase, 
57 U of acyl-CoA oxidase, 833 U of peroxidase, 200 mg of 
ATP, 27 mg of CoA, 70 mg of MgCl 2 - 6H 2 0, 100 mg of Triton 
X-100, 0.1 mg of phenol and the chromogens (A-G) used in 
Example 1 are dissolved in 100 ml of 0.1 M Good buffer 
solution (pH 6.75) to prepare a reagent solution. 
To 20 yl of serum sample is added 3 ml of the reagent 
solution and the mixture is subjected to reaction at 37 °C 
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for 10 minutes. The absorbancy of the reaction solution 
at Xmax is measured using reagent blank as a control and 
the concentration of free fatty acid in serum is calcu- 
lated from the calibration curve. For comparison, the 
same samples are determined according to gas chroma tograph 
method (GC) and the results are shown in Table 6. 



Table 6 



Serum Mo. 


GC 


Free fatty acid content 
A B C D 


(mg/dJ ) 
E 


F 


G 


1 


80 


53 


102 


82 


80 


79 


79 


81 


2 


115 


180 


160 


115 


118 


116 


114 


115 


3 


102 


42 


280 


101 


100 


101 


102 


101 


4 


258 


290 


295 


260 


261 


259 


259 


257 


5 


180 


300 


220 


180 


179 


179 


181 


179 



Example 4 

In this example, 100 ml of Good buffer solution . 
(pH 6.0) containing 140 mg of potassium dihydrogen phos- 
phate, 23 mg of thiamine pyrophosphoric acid, 27 mg of 
MgClv6H 2 0, 300 U of pyruvate oxidase, 10C U of peroxidase, 
100 mg of Triton X-100, 0.1 mg of phenol and (A) 100 mg of 
4AA and 100 mg of EMAE, (B) 50 mg of LBG, (C) 22.5 mg of 
Compound No. 5, (D) 22.5 mg of Compound No. 24, (E) 22.5 
mg of Compound No. 25, (F) 22.5 mg of Compound No. 26 or 
(G) 22.5 mg of Compound No. 27 is prepared as a reagent 
solution. To 50 ul of serum sample is added 3 ml of the 
reagent solution and the mixture is subjected to reaction 
at 37°C for 10 minutes. The absorbancy of the reaction 
solution at Xmax is measured using reagent blank as a 
control. 

The concentration of pyruvate in the sample is 
calculated from the calibration curve and the results are 
shown in Table 7. For comparison, the same sample is 
det rmined according to UV method using lactate dehydrogena 
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5 



Sample 




Pyruvic acid content (mg/dl) 






No. 


UV 


A 


B 


C 


D 


E 


F 


G 


1 


0.38 


0.53 


0.69 


0.38 


0.38 


0.36 


0.37 


0.38 


2 


0.91 


1.81" 


0.76 


0.93 


0.90 


0.91 


0.91 


0.89 


3 


0.55 


0.22 


1.10 


0.57 


0.53 


0.57 


0.55 


0.53 


4 


0.72 


1.01 


1.31 


0.70 


0.71 


0.70 


0.74 


0.70 


5 


0.50 


0.63 


0.33 


0.49 


0.49 


0.50 


0.48 


0.52 



15 



20 



25 
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CLAWS: 



1 . A method for the determination of hydrogen peroxide in a 

sample which comprises reacting the hydrogen peroxide with a peroxidase 
in the presence of a chromogen and measuring the absorbancy of the 
reaction solution in the visible or near inflared ray region characterised 
5 in that the chromogen is a compound of the formula 




wherein Y represents hydrogen or -C-Z, z represents 

X 

an oxygen atom or a sulfur atom, X represents hydrogen, 
alkyl, alkenyl, aryl, aralkyl, amino or substituted 
amino, R 1 represents hydroxy 1, amino or substituted 

10 amino, R 2 represents hydrogen, hydroxy 1, alky 1, 

alkoxy, aryl, aralkyl, alkenyl, amino or substituted 
amino, R^ represents groups represented by the general 
formula (III), (IV), (V), (VI) or (VII) described 
hereinafter, R 4 , R 5 or R g may be the same or different 

15 and represents hydrogen, alkyl, alkenyl, acyl, aryl, 
aralkyl, halogen atom, nitro, sulfo, carboxyl, 
hydroxyl, alkoxy or groups represented by the general 
formula (III), (IV), (V), (VI) or (VII), J represents 

R 7 S /, 

-S-, -0-, the general formula -C- or the general 

20 formula - N - , R ? and R g are the same or different 
and represent hydrogen atom, alkyl or alkenyl, and 
. R c and R- may form alkenylene , the said general formulae 
III to VII being as follows: 
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General formula (III) 




General formula (IV) 




General formula (V) 




General formula (VI) 




General formula (VII) 




B 3 
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wherein represents alkylene, A 2 has the same 
meaning as that of R 2 , B^, B 2 , B 3 , B 4 , B g or B g may 
be the same or different and represents hydrogen 
atom, alkyl, alkenyl, acyl, aryl, aralkyl, halogen 
5 atom, nitro, sulfo, carboxyl, hydroxyl, alkoxy or 
hydroxyalkyl. 

2. A method according to claim 1, wherein said 
hydrogen peroxide is a product formed by enzymatic reaction. 

3. A method according to claim 2, wherein t*aid 

10 enzymatic reaction is the oxidation of a substrate using 
oxidase. 

4. A method according to claim 3, wherein said 
oxidase is selected from the group consisting of uricase, 
cholesterol oxidase, xanthin oxidase, choline oxidase, 

15 pyruvate oxidase, glicerin-3-phosphate oxidase, acyl Co A 
oxidase, glycerol oxidase, glucose oxidase and galactose 
oxidase. 

5. A method according to claim 2, wherein said 
hydrogen peroxide-producing reaction and the reaction of 
hydrogen peroxide with said chromogen are conducted simul- 
taneously. 

6. A method according to claim 1, wherein said 
reaction is carried out in a buffer solution. 

7. A test composition for the determination of 

25 hydrogen peroxide which comprises the chromogen defined in 
claim 1 and peroxidase. 

8. A test composition according to claim 7 wherein 
said composition further contains a buffer reagent. 
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9. A test comp sition according t claim 7, wherein 
said composition further contains a member selected from 
the group consisting of a surfactant P antiseptics and 
ascorbate oxidase. 

10. A test composition according to claim 7, wherein 
said composition further contains an enzymatic hydrogen 
peroxide-producing system. 

11. A test composition according to claim 7, wherein 
said system contains oxidase. 



